Thoracic aortic segments of 12 mammalian species were fixed while distended at normal physiological pressures after the vasa vasorum were filled by a perfusion mixture containing gelatin and carbon. Mammals whose aortas had 29 or fewer medial lamellar units had no demonstrable intramural vascular channels; those whose aortas had more than 29 medial lamellar units, had medial vasa. Aortas with medial vasa vasorum always had a subintimal medial zone devoid of vasa vasorum. In growing animals the width of this avascular zone increased with age; in adults, the width increased slightly with increasing species body weight. However, the number of lamellar units in the avascular zone was independent of both age and species and equal to 29.0 ± 2.5. All of the species with intramural aortic vasa vasorum as adults had 29 or more aortic medial lamellar units at birth; none of the species which had 29 or fewer lamellar units at birth had more than 29 lamellar units at maturity. In aortas with medial vasa vasorum, widening of the avascular zone during growth appeared to be due only to the uniform thickening of each of the approximately 29 lamellar units already present at birth; the vascularized outer zone widened both by enlargement of its lamellar units and the addition of new lamellar units. Species differences in medial distribution of vasa vasorum are due primarily to differences in thickness of the vascularized outer zone.
• Blood constituents may reach the aortic media by filtration through the aortic intima from the lumen and by passage through intramural vasa vasorum derived from small adventitial arteries. Aortas of small mammals such as the rat or rabbit contain no demonstrable intramural medial vascular channels (1, 2) ; the entire wall is presumably supplied by transintimal filtration. In larger mammals, From This work was presented in part at the meeting of the Federation of American Societies for Experimental Biology, Atlantic City, April, 1966. Accepted for publication February 16, 1967. aortic medial vasa vasorum are present in the outer portions of the wall, but the depth to which these vessels can be demonstrated shows marked species variation (1, 2) . In the adult human thoracic aorta, vasa vasorum are found in the outer and middle thirds of the media. According to Geiringer (3), the inner, avascular third is approximately 0.5 mm wide; he has called this distance the "critical depth," within which filtration from the lumen is adequate for medial nutrition; beyond this zone, medial nutrition must be supplemented by the vasa vasorum. It has been suggested that the relative depth of the avascular subintimal zone may be a factor in species differences in aortic susceptibility to atherosclerosis (1) and medial degeneration (4) . Gradual or partial obstruction of vasa vasorum could lead to inadequate clearance of transintimal filtrate from the 410 WOLINSKY, GLAGOV avascular zone and intimal or medial deposition of blood constituents (5) ; sudden or total obstruction could lead to rapid ischemic degeneration or necrosis of the media beyond the zone of intimal filtration (4) . Spontaneous and experimentally induced aortic lesions have been characterized and compared in several mammalian species (6) . Detailed studies of mammalian species differences in the distribution of aortic medial vasa vasorum have not been made; such investigations could provide insight into the role of medial nutrition in the pathogenesis of aortic disease.
Previous studies in this laboratory (7, 8) revealed that adult mammalian aortas are composed of uniform fibromuscular layers; each layer consists of a sheet of elastin and an adjacent compartment containing circumferentially oriented collagen, elastin and smooth muscle fibers. The number of these lamellar units in an aortic media is related to its radius, regardless of species; each lamellar unit sustains an average tangential tension of approximately 2,000 ±400 dynes/cm and may therefore be considered to be the unit of structure and function of the aortic media. The present report will show that in mammals with aortic medial vasa vasorum the number of lamellar structural units in the inner avascular zone of the aortic wall is very nearly 29, regardless of species or age, that medial vascular channels are normally present only in the portion of the wall between the twenty-ninth lamellar unit and the adventitia and that species differences in the relative thicknesses of the avascular and vascular zones of adult aortas are due primarily to differences in the thicknesses of their vascular zones.
Materials and Methods
Thoracic aortic segments of 115 animals representing 12 mammalian species were studied. Fifty-five animals were adults and 60 were immature. The precise date of birth was known for each of the young animals and for all of the mice, rats, guinea pigs and rabbits; other individuals were considered to be adults if their body weights corresponded to accepted adult values and their dentition was of adult type. Presumed date of conception and body weight were used as criteria for the gestational age of each of the fetuses examined. The number of immature and adult animals of each species examined and the range of weights for the adults are given in Table 1 .
A segment of the thoracic aorta was fixed while distended by a perfusion mixture designed to fill the intramural vasa vasorum. Pressures used for distention and perfusion of the vasa vasorum were mean physiological pressures measured for all of the cats and dogs used in the present experiment or determined previously in our laboratories in connection with other experiments for rats, rabbits and sheep (9) (10) (11) . For the other species and for most of the immature animals, values were those reported by other investigators (12, 13) . Distending pressures are listed for each species in Table 1 .
The distending mixture consisted of the follow- 3  3  3  3  8  3  15  5  2  4  3  3 55" Products, Calumet City, 111.), 5%; and normal saline solution, 45%. The carbon particles marked the vasa vasorum; the gelatin permitted the solution to be solidified after perfusion so that distention of the vasa and the aortic segments could be maintained during fixation; barium sulfate was included so that aortic diameter could be determined by an x-ray technique for other purposes (8) . The aorta was sampled at the same arbitrary anatomic reference point for each animal-exactly midway between the origins of the left subclavian and eeliac arteries. Procedure. Mice, rats, guinea pigs, rabbits, cats, dogs and monkeys were anesthetized during removal of the aortic segments; 1 sheep, pigs, bulls and horses had been slaughtered less than 1 hour before their aortas were obtained; human aortic segments were removed at autopsy within 6 hours of death. With the aorta in situ the midthoracic reference point was identified and marked on the adventitia by a fine pen line of gentian violet solution. Rows of dots 0.5 cm apart .were then made proximal and distal to the midpoint. Intercostal arteries were ligated 0.4 to 0.6 cm from their origins. In small animals, intercostal arteries were not dissected; instead, a ligature was tied around each rib and its adjacent vessels. The thoracic aortic segment was then removed and the cut ends cannulated. Cannulas and the attached vessel were mounted on an adjustable frame (7) and the in-situ aortic length was restored using the adventitia] rows of dots for guidance. One cannula was then connected to a pressure system and the other partially closed by a screw clamp. The vessel was then flushed with normal saline solution at 37°C under controlled pressure. After 5 min, a perfusing mixture, also at 37°C, was substituted and permitted to flow through the vessel for 3 to 5 sec to replace the saline solution. The screw clamp was closed and the vessel segment distended by the mixture at mean physiological pressure. Gross marking of the advenn'tial network of vasa vasorum by the perfusate was maximal within 5 min. Ten minutes after the beginning of perfusion, the frame with its attached vessel was plunged into 10% neutral buffered formalin at 2 to 4°C. The gelatin mixture solidified within 5 min. The aortic 'Animals were anesthetized by intravenous injection of pentobarbital (Veterinary nembutal: 60 mg/ml, Abbott Laboratories, Chicago, Illinois) in doses of 30 mgAg body weight.
CircuUtion Risttnb, Vol. XX. April 1967 segment, still held by the frame, was kept immersed in the formalin for 48 hours.
Tissue blocks were taken at the central reference mark and embedded in paraffin. Transverse sections, 7 ft thick, were stained with hematoxylin-eosin and Weigert-van Gieson stains. Under these conditions, vascular channels within the media as small as 10 fi in diameter were distended by plugs of the perfusate and were readily identified in microscopic sections. In aortas of animals with medial vasa vasorum an inner subintimal zone was always free of demonstrable vascular channels. Micrometric determinations of the thickness of this avascular zone and of the entire media were made; elastin lamellae were counted in the avascular zone and in the media as a whole. These measurements were made on each of 6 sections of each aorta as follows: all the injected vasa vasorum were identified on each section, and the four vessels closest to the aortic lumen were marked; the distance between the closest vessels and the aortic intima was measured and the included elastin lamellae were counted.
Fixing and embedding shrinkage artifact was estimated by measuring vessel diameter of several specimens at_suitable. intervals during tissue processing as described elsewhere (8) . Fixation resulted in a 14% decrease in thickness and embedding and staining in a further decrease of 16%. Corrections of measurements of histological sections were made accordingly.
Results
The microscopic appearance of the medias of the adult aortas, fixed while distended by physiological pressures, was similar to that described elsewhere: elastin lamellae were relatively straight and distributed uniformly through the wall; elastin and collagen fibers and smooth muscle cells were oriented circumferentially (7) . Aortic medias of immature animals were essentially similar in appearance, except that elastin lamellae were thinner and interlamellar distances smaller than those of adults. The well-defined medial structural layers formed by the elastin lamellae and their subjacent fibrocellular compartments, characteristic of the aortas of both adult (8) and immature animals will be referred to as lamellar units. Photomicrographs of several illustrative preparations are shown in Figure 1 . Small mammalian species, such as the rabbit, had no demonstrable intramural Comparison of the microscopic appearance of the thoracic aortas of the newborn and adult rabbit and pig. The entire rabbit aortic media is avascular, regardless of age. The avascular zone (white arrow) of the pig's aortic media increases in thickness during growth but always contains only 29 lamellar units. The black arrow points to one of the oasal channels closest to the intima. Adventttial vessels can be seen in both the rabbit and pig. Weigert-van Cieson. medial aortic vasa vasorum; the number and thickness of the medial lamellar units were greater for the adult than for the newborn. The pig is an example of a mammal with aortic medial vasa vasorum. As in the rabbit, the number and thickness of medial lamellar units increased from birth to maturity. The innermost medial vessel in the photograph of the adult pig aortic media is indicated by a black arrow. Figure 2 shows a higher magni-fication of this vasal channel, which is approximately 10 \L in diameter and is filled with the carbon-gelatin mixture. The thickness of the inner subintimal medial zone without demonstrable vasa vasorum, the avascular zone ( Fig. 1 , white arrows), increases somewhat with age; the outer zone of the media, in which vasal channels filled with the perfusate were easily seen, increases markedly. The remainder of this report deals with the quan- Higher magnification of the medial vessel indicated by the black arrow in Figure 1 . It is approximately 10 ii in diameter and is in an interlamellar space, bounded by thick elastin lamellae (e); the lumen is filled by the carbon-gelatin mixture. Weigert-van Gieson.
titative, comparative characterization of the thickness and structure of the avascular zone of the mammalian aorta.
Thickness of the Avascular Zone of the Adult Aortic Media. Thickness of the entire aortic media and thickness of the avascular zone of the media are plotted against adult body weight in Figure 3 . Each point represents a species and corresponds to the average of values for individual adult animals of the species. Aortas of species with adult body weights up to approximately 5,600 g had no demonstrable medial vasa vasorum. The thickness of the aortic media of these animals ranged from 0.03 mm in the mouse to 0.32 mm in the rhesus monkey (macaca mulatta). Adults of species weighing more than 5,600 g had intramural vasa vasorum. The thickness of the aortic media in these species increased with body weight (Fig. 3, solid line) , ranging from 0.48 mm in the dog to 1.40 mm in the horse. However, the thickness of the avascular zone increased much less with increasing body weight than did the entire aortic media ( Fig. 3 , dotted line) ranging from 0.43 mm in the dog to only 0.54 mm in the horse, with a mean of 0.47 ± 0.06 mm. A line of best fit for the points which correspond to full medial thickness has been drawn as far as the sheep; CircuUsio* Ris-rcb, Vol. XX, April 1967 up to this point, scatter is small ( Fig. 3 , solid line). The points that correspond to the pig, bull, and horse do not fit this curve and have been joined to it by a dashed line. The seemingly erratic changes in aortic wall thickness with increasing body weight beyond 100,000 g are associated with structural features of the outer, vascularized zone of the media not present in aortas of smaller animals. Nevertheless, all of the points that correspond to the thickness of the avascular zone lie close to a straight line of best fit (Fig.  3 , dotted line); this finding corresponds to the nearly identical and uniform architecture of the avascular zone for all of the species, regardless of the structure of the outer vascularized zone.
Lamellar Units in the Avascular Zone of the Adult Aortic Media. In aortic medias without intramural vasa vasorum and in the avascular zones of aortic medias with vasa vasorum, elastin lamellae and intervening interlamellar compartments were of relatively uniform thickness. The number of lamellar units in the adult aortic medias and the number in the corresponding medial avascular zone are plotted against body weight in Figure 4 . Each species is represented by a point that corresponds to the average of the values obtained for several individuals of the species.
The total number of aortic medial lamellar units increased with body weight in animals without intramural vasa vasorum (those weighing up to 5,600 g) and ranged from 5.0 in the mouse to 23.5 in the monkey. In animals with medial vasa, the number of medial lamellar units ranged from 36.5 in the dog to 69.0 in the sheep. The marked deviation of the points corresponding to the pig, bull, and horse (dashed line) reflects the same departures in the architecture of the outer vascularized zone noted above. However, regardless of the appearance of the outer zone, the number of lamellar units in the avascular zone was very nearly constant for all species (dotted line) and equal to 29.0 ± 2.5. Thus, the relatively small increase in the thickness of the avascular zone with Thickness of the entire media and thickness of the aoascular zone of the media of the thoracic aorta are plotted against body weight for adults of 12 mavxmalian species. Each point represents the average of values for several animals. Although the thickness of the avascular zone increases with increasing species body weight, it increases far less than, and is apparently independent of, total wall thickness.
increasing body weight ( Fig. 3 , dotted line) corresponded to an increase in the width of individual lamellar units and not to an increase in their number. Lamellar Composition of the Avascular Zone during Growth. In Figure 5 the changes in number of medial lamellar units during growth are plotted against weight for seven representative species. Three are species that did not have demonstrable medial vasa vasorum (guinea pig, rabbit, and cat). Four are species that had intramural vasa (dog, man, sheep, and bull); for these, both the total number of medial lamellar units (dashed lines) and the number of lamellar units in the avascular zone (solid lines) are plotted. The first point for each species corresponds to a fetus or newborn animal, the last to an adult. The total number of aortic medial lamellar units increased with age during growth for all of the species studied, but the increase from birth to maturity was less for small animals than for large animals. For example, the total number of lamellar units increased by approximately 10% in guinea pigs and by nearly 100% in man. Species which had intramural vasa vasorum as adults had at least 29 medial lamellar units at birth; vasa vasorum were not seen between the intima and the twenty-ninth lamellar unit but were always present between the latter and the adventitia, regardless of age and regardless of the rate of 100,000
Total number of lamellar units and number of lamellar units in the avascular zone of the thoracic aortic media are plotted against body weight for adults of 12 mammalian species. Each point represents the average of values for several animals. The avascular zones of aortas with vasa vasorum contain 29 lamellar units regardless of species or total number of medial lamellar units.
accretion of medial lamellar units during growth. The mean number of lamellar units in the avascular zone for all of the animals, regardless of age, was 28.5 ± 2.0. It is particularly noteworthy that no species with fewer than 29 aortic medial lamellar units at birth had more than this number when fully grown; all of the species with medial vasa vasorum as adults already had more than 29 lamellar units at the time of birth.
Thickness of the Avascular Zone during Growth. Although the number of lamellar units in the avascular zone of aortas with medial vasa vasorum was independent of species or age, the thickness of the avascular zone increased with age and the rate of its growth showed considerable species variation. Thicknesses of aortic medias and of the avascular zones in species with medial vasa vasorum are plotted against body weight during Circulation Rtiurcb, Vol. XX, April 1967 growth in Figure 6 . The species are the same as those shown in Figure 5 ; each is represented by a series of growing animals with a fetus or newborn at the left end of the curve and an adult at the right end. Medias of adults of some species which had no intramural vasa vasorum at any age, i.e. with fewer than 29 lamellar units, were thicker than the avascular zones of aortas of immature animals of some species with medial vasa vasorum. For example, the aortic media of the adult cat with 20 lamellar units and no medial vasa vasorum, was thicker than the medial avascular zone of either the newbom human or the fetal sheep containing 29 lamellar units. 
Discussion

Nature of Species Differences in Medial Distribution of Aortic Vasa Vasorum. Con-
Total number of medial lamellar units and number of avascular lamellar units are plotted against body weight during maturation for seven representative mammalian species. For each species the youngest animal was a fetus or a newborn, the oldest an adult. The avascular zone of each of the aortas with medial vasa vasortim contains 29 lamellar units, regardless of age, species, body weight, or total number of medial lamellar units (dog, man, sheep, and bull). Aortas without medial vasa always contain less than 29 lamellar units, regardless of age or species (guinea pig, rabbit, and cat).
elusions which may be drawn from the results are summarized diagrammatically in Figure 7 . Transverse sections of aortic walls of representative newborn and adult mammals are drawn to the same scale. Elastin lamellae are shown as uniform, slightly wavy lines. Portions of the walls in which no vasa vasorum were demonstrable are shaded. Intramural medial vasa appear as solid ellipses; adventitial vasa appear as solid circles. Total number of medial lamellar units and the number of lamellar units in the zones without vasa vasorum are given for each aorta in the columns on the right. Aortas of small mammalian species, i.e. those with 29 or fewer medial lamellar units, were devoid of medial vascular channels; the mouse and rabbit are examples. Aortas of species with more than 29 medial lamellar units always had intramural medial vasa vasorum; the dog, man, and the sheep are given as examples. Aortas of mammals with medial vasa vasorum always had an inner avascular zone; in adults, the thickness of this zone increased slightly with increasing species body weight but independently of total wall thickness, averaging 0.47 ± 0.06 mm for all the species studied. The number of lamellar units in the avascular zone (29) was independent of both age and species. Mammals with 29 or fewer lamellar units at birth had 29 or fewer lamellar units as adults and had no intramural vasa vasorum at any age. Animals with more than 29 lamellar units at birth had intramural vasa vaso- 
100.000
Thickness of the entire aortic media and thickness of its avascular zone are plotted against body weight during growth for the same seven representative mammalian species shown in Figure 5 . For any given species with aortic medial vasa vasorum, the thickness of the avascular zone increases during maturation, but there is considerable interspedes variation in the rate of its growth. Aortic medias of adults of some species without medial vasa vasorum may actually be thicker than avascular zones in immature animals of species with vasa vasorum (compare adult cat with immature sheep or human). rum throughout development. No species we have studied has had fewer than 29 medial lamellae at birth and more than 29 lamellar units at maturity. Aortic medial thickness increased during growth by the uniform widening of lamellar units and by the addition of new lamellar units. These new units were probably added to the media on the adventitial side (14) . In aortas with medial vasa vasorum, the number of lamellar units increased during maturation only in the vascular outer zone; the inner avascular zone seemed to enlarge only by widening of its preexisting 29 lamellar units. In adult mammals, total aortic medial lamellar units are related to Circulation Rtstrcb, Vol. XX, April 1967 aortic diameter, which increases with species body weight (8) . Therefore, the greater the adult species body weight, the greater is the proportion of the media containing vasa vasorum. During growth, the vascularized outer zone widened more rapidly than the avascular inner zone. In man the avascular zone occupied 80* of the media at birth but only 50* at maturity; in sheep the avascular zone occupied 50* of the media at birth and 40* at maturity.
The medial distribution of vasa vasorum in the thoracic aortic has been studied by others in the chicken, rabbit, dog, horse, bull, and man (1) (2) (3) (15) (16) (17) . A subintimal medial Semidiagrammatic representations of aortic walls of five representative mammalian species are drawn to the same scale. A newborn (Nh) and an adult (Ad) are shown for each species. Elastin lamellae are shown as vertical slightly wavy lines; the portions of the walls without demonstrable vasa vasorum are shaded. Adventitial vasa vasorum appear as solid circles, intramural vasa as solid ellipses. The total number of medial lamellar units and the number of avascular units are given for each aorta in the columns on the right. Aortas with 29 or fewer medial lamellar units are devoid of medial vessels, regardless of age or species. Aortas with more than 29 medial lamellar units have medial vasa, regardless of age or species. In such aortas differences in medial distribution of vasa vasorum in adults are due mainly to differences in thickness of the vascularized zone; avascular zones are similar in thickness and in lamellar complement. During growth all lamellar units increase in width; however, in aortas with medial vasa, lamellar units increase in number only in the vascular outer zone. zone without vasa vasorum has been noted, but the constant lamellar composition of this avascular zone of the aortic media has not been reported previously. Geiringer's value of 0.5 mm for the thickness of the nonvascular portion of the media in man (3) is close to the value obtained by us; the small difference is entirely attributable to the fact that Geiringer studied undistended vessels while our aortic segments were distended. Woodruff (15) cleared undistended specimens of horse aorta after injecting the vasa vasorum with india ink; a subintimal avascular zone, mea-sured on his published photographs, corresponds closely to values obtained by us.
Depth of the Avascular Zone and Medial Nutrition. Clarke (18) studied aortic vasa vasorum in man during postnatal development by means of microangiography. He reported that by the age of 4 years vasal channels could be seen in the outer third of the media; at 10 years, vasa were seen in the middle third and by age 13 "maturity of vasal architecture" was achieved and channels could be seen at the junction of the inner and middle thirds. Clarke postulated that the Circulation Research, Vol. XX, April 1967 vasa grew into the media, penetrating more and more deeply as the thickness of the aortic media increased. Our data indicate that the increase in medial lamellar units during growth is confined to the already vascularized zone, and that vasa vasorum are probably incorporated into the vascularized zone as new lamellar units are formed at the adventitial side of the media. There was no evidence that any previously avascular aortic tissue was penetrated by vasa vasorum.
The absence of demonstrable medial vascular channels in the aortas of all animals with fewer than 29 medial lamellar units suggests that no medial vasa vasorum are required for aortic medial nutrition if this number is not exceeded. Indeed, Adams and coworkers (19) have shown that no morphologic changes or disturbances of cholesterol filtration occurred after the adventitia of the rabbit or rat aorta was stripped off completely. Each of these species has an aorta with fewer than the apparently critical number of 29 medial lamellar units. The presence of medial vascular channels only in aortas having more than 29 lamellar units indicates that such vessels are partially dependent on vasal blood supply for their nutrition. Adams (5) has given evidence that the cholesterol transport mechanism breaks down in the middle third of the human thoracic aortic media. He has suggested that a corresponding zonal decrease in enzyme content indicates that the transport breakdown may be due to ischemia. Wilens and his associates (4) have reported that experimental occlusion of adventitial blood vessels supplying the thoracic aortas of large dogs results in partial medial necrosis. Such zones of ischemia or necrosis, located deep in the wall, may well be at or near the transition between the avascular and vascularized medial zones, where the media, dependent on two sources of nutrition, may be particularly vulnerable (20) .
Vascular channels are sometimes seen in the intima and inner media of vessels affected by intimal sclerosis or thrombosis (3, 21, 22) . Neither the origin of these vessels nor the nature of the process which results in their CtrcuUtio* Risircb, Vol. XX, April 1967 formation is fully understood. It has been postulated that sclerotic or thrombotic interference with intimal filtration and the subsequent anoxia of the underlying media results in ingrowth by channels from the deeper vasa vasorum (3, 23) . This possibility is not excluded by our findings. Since vasa do not seem to "penetrate" the growing wall normally but rather seem to be incorporated into it from the adventitia, some of the vessels in diseased intimas may well arise by channelization from the aortic lumen. In any case, the neoformation of vessels in diseased aortas probably corresponds to a departure from the normal pattern of medial nutrition and architecture rather than an extension of a physiological process to a new depth. Located in scar tissue near the lumen, these vessels may also be subjected to stresses not ordinarily affecting deeper vasa vasorum (21, 24) .
Medial Distribution of Vasa Vasorum and the Mechanical Properties of the Aortic Wall.
The total number of medial lamellar units in adult mammalian aortas is related to aortic diameter and tangential tension; the average tension per medial lamellar unit in an aorta is apparently independent of species and equal to about 2,000 ± 400 dynes/cm (8) . The observation that the increase in aortic medial thickness with increasing diameter during growth is due largely to an increase in the number of lamellar units provides further evidence that these structures are probably units of medial function. Since the number of lamellar units in the avascular zone of aortas with medial vasa is approximately equal to 29 regardless of species, total tension in the avascular zone of an adult aortic media is probably also nearly constant and independent of species and is of the order of 60,000 dynes/cm. This suggests that the energy available for the maintenance of the mechanical properties of the adult avascular zone is limited, but independent of species or aortic diameter. The extent of transintimal filtration is therefore probably related to factors, such as intraluminal blood pressure, which are independent of species.
Vasa Vasorum and Medial Differentiation,
Growth, and Adaptability. Though the thickness of an aortic wall and the total number of its medial lamellar units are related to aortic diameter or body weight in adult mammals, this close relationship does not prevail among newborn or immature animals. In general, newborn animals of species of large adult size have thicker aortic walls with more lamellar units than those of species of smaller adult size, regardless of their birth weight. During development, the aortic wall grows as the width of individual lamellar units increases and as the number of the units increases in the outer, vascularized zone. The rates of these changes show considerable species variation. Thus, for a given species, the medial distribution of vasa vasorum during growth seems to depend more on the relative maturity of an animal than on the thickness of its aortic wall. Although the number of lamellar units in the avascular zone of an aorta with medial vasa vasorum is already maximal at the time of birth, the width of its lamellar units increases as the entire media increases in thickness. This suggests that the depth of transintimal filtration also increases during growth, possibly in relation to increasing blood pressure. An adult cat, for example, has an entirely avascular aortic media 0.23 mm thick containing 20 lamellar units. A newborn human has an avascular zone only 0.16 mm thick, although it contains 29 lamellar units. Mean adult feline blood pressure is approximately 100 mm Hg, that of the newborn human 60 mm Hg.
In aortas with medial vasa vasorum the increase in the number of medial lamellar units with increasing aortic diameter is confined to the vascularized zone. This may therefore be considered to be the zone of continued tissue differentiation into lamellar units, possibly in response to increasing wall tension. Indeed, differentiation during maturation in the zone nourished by the vasa in aortas of very large animals included modifications of medial composition and architecture other than the formation of new lamellar units. Departures from orderly lamellar structure are not seen in the avascular zone. Trans-intimal filtration of blood constituents into the avascular zone may provide adequate nutrition for only limited adaptive tissue changes such as the increase in thickness of lamellar units. Nutrition derived from the vasa vasorum appears to permit the vascularized zone to respond with more complex patterns of tissue differentiation, including the elaboration of new lamellar units and the occurrence of different forms of tissue architecture.
